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I. RESEARCH OBJECTIVES / SUMMARY OF PROGRESS / FORECAST FOR FY01: 

The research objectives and forecast for FY01 have been presented in the form of a new 

research proposal submitted to AFOSR entitled "Biomimetic Sensors and the Exploration of 

Novel Optical Transduction Mechanisms." 

Notable progress was made within our task during FY00. At the beginning of FY99, we 

established a milestone for FY01 of "successfully demonstrating an optical sensing device based 

on cloned thermoreceptive protein(s) from our 6.1 task." This milestone was reached this past 

year with the cloning of TlpA from bacteria and using it to create a fusion protein with green 

fluorescent protein (GFP). The resulting TlpA-GFP fusion protein produced a fluorescent signal 

that was directly proportional to the temperature of the surrounding environment. The details of 

this accomplishment were presented at Biosensors 2000 in San Diego, California and submitted 

for publication to Biosensors and Bioelectronics. 

This past January, we were the first to demonstrate the recording of biological 

information, i.e., snake skin, inside a polymeric matrix using a two-photon initiated 

photopolymerization process. The details of this accomplishment were presented at SPIE's 



Photonics West meeting in San Jose, California and published in the Proceedings ofSPIE. This 

result was significant from an optical memory storage perspective and has enormous potential in 

the Bio-MEMS field. More importantly, we developed this process to be compatible with the 

addition of aqueous solutions, such as the addition of a thermoreceptive protein. In our opinion, 

this is an incredibly important enabling technology for biosensor creation because one can now 

pattern a polymeric optical device, e.g., a diffraction grating, whose performance (diffraction 

efficiency) is driven by the biological macromolecule (thermoprotein). The polymeric matrix 

enables the protein to retain activity and the two-photon process (near-IR) avoids the intrinsic 

biological absorption that usually occurs in a one-photon (near-UV) process. 

This past year we also branched into the realm of biological inorganic chemistry. 

Specifically, we cloned a protein from diatom (a marine algae) DNA that catalyzes the poly- 

condensation of silica (-SiC>2-). Again, we feel this is an extremely important accomplishment 

due to the desired optical properties that inorganics like silica possess — namely higher indexes 

of refraction. Recently, we discovered how to control the morphology of the resulting silica 

structures. The details of this process have been submitted as a manuscript to the journal Nature. 

We have begun combining this silica-condensing enzyme with our two-photon polymerization 

process to produce hybrid polymer/silica structures. Not only will we be able to produce better 

optical devices due to the larger index of refraction mismatch, we feel this will enable an 

important breakthrough in micro-fluidics. We envision creating a complex three-dimensional 

polymeric network, holographically, then bio-catalyzing the production of a silica coating on the 

outside, following by etching the polymer core away — leaving behind a silica network of 

micro-capillaries. 



In conclusion, the forecast for FY01 is hopeful and optimistic. We feel we can 

continue to combine in-house-developed technology to create truly innovative science. We are 

optimistic that we can continue to improve upon our optical transduction methodology and we 

will continue to push the state-of-the-art in biosensor technology. The applied biotechnology that 

is biomimetics has made all of this possible. Biomimetics will continue to break new innovative 

ground, especially in the field of materials science. 

II. USE OF FUNDS (FYOO, $K): 

In House Capital Eauio. On-Site Contractor Contracts/Grants Total 

35 8.38 357.33 10 410.71 

III. FUNDING PROFILE ($K): 

FY99 FYOO FY01 FY02 

487 487 485 ? 
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